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DIFFERENT TYPES OF STREPTOCOCCI AND THEIR 
RELATION TO BOVINE MASTITIS* 

George Mathers 

From the Memorial Institute for Infectious Diseases, Chicago 

Careful bacteriologic studies of many epidemics of acute tonsillitis 
have yielded convincing evidence that the infection may be milk-borne, 
and that the cause is a virulent hemolytic streptococcus. The source, 
however, of these organisms and the mechanism by which they gain 
entrance into the milk are still problems of vital importance in the 
understanding and control of the disease. 

Many views have been advanced to explain the infection of milk with viru- 
lent streptococci, all of which are based on epidemiologic data. Some observ- 
ers assert that streptococci of human origin are transmitted from man to man by 
means of milk contaminated in handling, while others consider mastitis or garget 
in cows (bovine streptococcal infections) to be the most important source of 
such epidemics. Altho much experimental work has been done on mastitis in 
cows, comparatively little attention has been paid to streptococcal udder infec- 
tions and their relation to disease in man. Davis and Capps 1 have reported some 
experiments on bovine mastitis which have a direct bearing on the problem of 
the etiology of streptococco-tonsillitis. They were able to produce bovine mas- 
titis by applying a culture of a hemolytic streptococcus to a fresh abrasion of 
the skin of the teat near the meatus. The tissue became infected locally and 
after several days signs of udder infection appeared. There was no caking or 
external sign of inflammation of the infected quarter, and the milk was not 
gargety, but it contained large numbers of leukocytes and streptococci. At the 
end of 4 weeks this condition had not changed. In another experiment a marked 
infection of the udder of several weeks' duration was produced by the injec- 
tion into the milk ducts of a culture of a hemolytic streptococcus isolated from 
a case of tonsillitis. This mastitis was also evidenced by large numbers of 
leukocytes and bacteria in the milk. Capps and Davis concluded from these 
experiments that hemolytic streptococci of human origin may cause mastitis in 
cows, the organisms gaining entrance directly into the milk ducts or through 
infected abrasions of the teats. Furthermore, they demonstrated that mastitis 
may exist without the presence of any physical signs other than leukocytes and 
pathogenic streptococci in the milk. 

In a recent review of the epidemiologic and bacteriologic data obtained from 
a study of several outbreaks of septic sore throat Smith and Brown 2 infer that 
the infection is of human origin and that streptococci from human sources are 
transmitted by means of milk from the infected udders of cows — udders in the 
milk ducts of which streptococci are growing and multiplying. Further they 

* Received for publication February 12, 1916. This work was made possible by a grant 
from the Winfield Peck memorial fund. 

i Jour. Infect. Dis., 1914, 15, p. 135. 
- Jour. Med. Research, 1915, 31, p. 455. 
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assume that the streptococci commonly associated with bovine mastitis are differ- 
ent from those of human tonsillitis and do not cause throat infections in man; 
and that the virulent hemolytic streptococci of human origin do not cause any 
appreciable inflammation of the cow's udder. On the other hand, they infer that 
streptococci of human origin may gain entrance into the udder and grow in the 
milk ducts, a condition which might explain epidemics of tonsillitis. Krumwiede 
and Valentine 3 also have recently advanced evidence in favor of such a view. 

It is evident from a review of the literature that there is a question 
as to the susceptibility of the cow to infection with streptococci of 
human origin. Furthermore, little is known about the behavior of 
various strains of streptococci in the environment furnished by infected 
udders, particularly during long lapses of time. Do the differences 
between strains of streptococci of human origin and those of bovine 
origin represent changes due to environment? The following experi- 
ments have been designed primarily to throw light on these questions. 

The technic used in these experiments was essentially the same as 
that used by Davis and Capps. 1 Human-blood-agar plates were used 
in the routine bacteriologic examination of the milk. The number of 
leukocytes was determined according to the Doane-Buckley method. 

Experiment 1. — In this experiment a young healthy cow in a normal lacta- 
tion period was used. The udder and teats were normal and well developed. 
The yield of milk per day was approximately 10 quarts. It contained from 
20,000 to 40,000 leukocytes to the cubic centimeter, and the cultures were free 
from hemolytic streptococci. On April 29, 1915, 5 c.c. of a 36-hour litmus-milk 
culture of a hemolytic streptococcus were injected into the first quarter of the 
udder by means of a sterile glass syringe and rubber catheter. This strain of 
streptococcus had been obtained by Dr. D. J. Davis in 1912 from the udder of a 
cow suffering from mastitis. (Further details concerning this organism were pub- 
lished in the report of the Chicago milk epidemic by Capps and Miller,* and by 
Davis. 5 ) After the quarter had been thoroughly cleansed and milked dry the 
catheter was introduced to a distance of 10 cm. from the meatus and the culture 
injected slowly. On the following day the udder was swollen, reddened, hot, hard, 
and tender. The little milk that could be expressed was curdy, stringy, and very 
yellow. The leukocytes numbered 1,900,000 to the cubic centimeter, and were 
principally of the polymorphonuclear type. Smears from the milk revealed 
numerous gram-positive encapsulated diplococci. The number of bacteria to the 
cubic centimeter was 27,000. On the second day the udder was markedly inflamed 
and caked, and the regional lymph glands were slightly enlarged and tender. 
The milk was gargety and teeming with hemolytic streptococci. This acute 
infection continued over a period of 10 days; then the leukocytes and bacteria 
began to decrease, and the physical signs of inflammation to subside. At the 
end of the first month examination of the milk revealed approximately 200,000 
leukocytes and 3,000 streptococci to the cubic centimeter. The quarter very 
slowly decreased in size and the character of the milk did not change appre- 

4 Jour. Med. Research, 1915, 33, p. 231. 

< Jour. Am. Med. Assn., 1912, 58, p. 1848. 

5 Ibid., p. 1852. 
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ciably until August 30, 1915, 124 days after infection. At this time there was 
an acute exacerbation of the infection lasting 3 weeks, after which a chronic 
course was again resumed, this condition continuing without noteworthy change 
up to the last observation (215 days after inoculation). The quarter decreased 
in size until at the end of the 215 days a very hard mass about the size of a 
hen's egg remained. From 1 to 5 c.c. only of a watery purulent material con- 
taining strings could be obtained on milking. The streptococci were still pres- 
ent in pure culture. It is noteworthy that the general condition of the cow did 
not change during the infection. Table 1 shows the numbers of leukocytes and 
of bacteria found in examinations of the milk at different times during the 
infection. 

TABLE 1 
The Number of Leukocytes and Bacteria in Milk from the Mastitis Produced 

in Experiment 1 



Number 


Number 


Number 


Number 


Number 


Number 


ol Days 


of 


of 


of Days 


of 


of 


After 


Streptococci 


Leukocytes 


After 


Streptococci 


Leukocytes 


Injection 


per e.c. 


per c.c. 


Injection 


per c.c. 


per c.c. 








38,000 


50 


470 


179,000 


1 


27,000 


1,900,000 


60 


445 


187,000 


y 


40,000 


6,400,000 


70 


830 


161,000 


3 


47,000 


12,800,000 


80 


580 


142,000 


4 


88,000 


18,500,000 


90 


780 


122,000 


5 


50,000 


19,400,000 


106 


1,220 


202,000 


6 


96,000 


12,000,000 


124 


4,200 


2,600,000 


7 


45,000 


10,300,000 


138 


11,000 


9,800,000 


8 


51,000 


9,100,000 


156 


9,200 


2,800,000 


10 


30,000 


7,340,000 


169 


1,100 


310,000 


15 


38,000 


4,700,000 


177 


7,300 


180,000 


20 


47,000 


1,240,000 


188 


7,800 


410,000 


25 


22,000 


560,000 


195 


9,600 


220,000 


SO 


1,320 


193,000 


205 


7,100 


460,000 


40 


240 


167,000 


215 


3,100 


270,000 



Experiment 2. — A technic similar to that in the preceding experiment was 
used : 5 c.c. of a 36-hour, litmus-milk culture of nonpathogenic nonhemolytic 
Streptococcus lacticus were injected into a normal quarter of the cow's udder 
on May 12, 1915. The following day this quarter was distended and tender. The 
milk was fluid but purulent in character. The leukocytes numbered 440,000 and 
the streptococci 600 to the cubic centimeter of milk. The streptococci were 
rather numerous in the stained smears. The next day the udder was markedly 
distended, hot and tender, and the milk contained a few stringy masses. On 
the 4th day the leukocytes numbered 4,600,000 and the streptococci 8,100 to the 
cubic centimeter; the milk was very yellow, purulent and stringy, and the 
regional lymph glands were enlarged and tender. After this the condition of 
the udder and the milk rapidly improved, until on the 21st day of the course 
there were no evidences of infection to be found on examination of the quarter 
or of the milk. The leukocyte count had returned to normal, and the strep- 
tococci had entirely disappeared from the milk. In this infection the course 
was acute and the recovery rapid. At no time was there any evidence of 
caking. After recovery the quarter functioned normally, the amount of milk 
per day being approximately the same as before the infection. There was no 
noticeable general reaction in the cow. The numbers of leukocytes and bacteria 
to the cubic centimeter of milk at different times during the infection are given 
in Table 2. 
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TABLE 2 

The Numbers of Streptococci and Leukocytes in the Milk after the Injection of a 
Culture of Streptococcus Lacticus into the Udder (Experiment 2) 



Number 


Number 


Number 


Number 


Number 


Number 


ol Days 


ol 


ol 


ol Days 


ol 


ol 


Alter 


Streptococci 


Leukocytes 


Alter 


Streptococci 


Leukocytes 


Injection 


per c.c. 


per c.c. 


Injection 


per c.c. 


per c.c. 








48,000 


10 


750 


96,000 


1 


600 


440,000 


12 


620 


72,000 


2 


8,500 


528,000 


14 


320 


61,000 


3 


7,300 


4,200,000 


16 


210 


75,000 


4 


8,100 


4,600,000 


18 


92 


49,000 


5 


3,200 


1,700,000 


19 


7 


53,000 


6 


2,460 


940,000 


21 





46,500 


7 


1,800 


720,000 


24 





42,000 


8 


1,150 


400,000 


30 





51,0(10 


9 


1,600 


240,000 









Experiment 3. — This experiment was undertaken as a control for the pre- 
vious experiments. Three quarters of the udder of a normal healthy cow were 
carefully cleansed and milked. One quarter was then inoculated with 1 c.c. of 
a 36-hour litmus-milk culture of the strain of hemolytic streptococcus used in 
Experiment 1, another quarter with 1 c.c. of a 36-hour litmus-milk culture of 
Streptococcus lacticus, and a third quarter with 1 c.c. of sterile litmus milk. 
Twenty-four hours later the quarter injected with the hemolytic streptococcus 
was distended, reddened, and tender, the milk thick, purulent, and stringy, 
stained smears of which showed polymorphonuclear leukocytes and encapsu- 
lated diplococci. The leukocytes numbered 5,200,000 and the streptococci 3,400 
to the cubic centimeter. The quarter inoculated with Streptococcus lacticus 
was somewhat distended and tender, and the milk yellow, syrupy, and acid. 
There were no strings but after the milk had stood awhile, a heavy sediment 
settled to the bottom of the tubes. The leukocytes numbered 320,000 and the 
bacteria 16,000 to the cubic centimeter. The other injected quarter was appar- 
ently normal in every respect after 24 hours. The infections with the hemolytic 
streptococcus rapidly became severe; on the 4th day the udder was hot, tender, 
and caked, the regional lymph glands enlarged and tender, and the milk gargety. 
The leukocytes numbered 6,800,000 and the bacteria 68,000 to the cubic centimeter. 
After this the inflammatory reaction gradually subsided and the infection 
assumed a chronic course similar to that of the infection in Experiment 1 ; 169 
days after inoculation, the udder was small and very hard, the milk stringy and 
somewhat watery. The leukocytes numbered 132,000 and the bacteria 290 to the 
cubic centimeter. These streptococci were found in the milk in pure culture. 

The quarter injected with the cultures of Streptococcus lacticus, on the 2nd 
day was distended and hot, but showed no evidence of caking. The milk was 
purulent and lumpy. The leukocytes numbered 560,000 and the bacteria 22,000 
to the cubic centimeter. All signs of inflammation then rapidly disappeared so 
that on the 12th day the quarter was again normal; the milk was free from 
streptococci and the leukocytes numbered 47,000 to the cubic centimeter. At no 
time during this infection were there any evidences of caking, and recovery 
was rapid and complete. The quarter injected with litmus milk remained 
unchanged. The differences in the result of the 3 inoculations are well shown 
in Table 3. 
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table 3 

The Number of Leukocytes and of Bacteria in the Milk at Different Intervals 
Following the Inoculations in Experiment 3 



Days 


Hemolytic Streptococcus 


Streptococcus Lacticus 


Sterile Litmus Milk 
















Inocu- 


Number of 


Number of 


Number of 


Number of 


Number of 


Number of 


lation 


Bacteria 


Leukocytes 


Bacteria 


Leukocytes 


Leukocytes 


Bacteria 




per c.c. 


per c.c. 


per c.c. 


per c.c. 


per c.c. 


per c.c. 








32,000 





42,000 


45,000 





1 


3,400 


5,200,000 


16,000 


320,000 


41,000 





2 


51,000 


6,800,000 


22,000 


560,000 


39,000 





3 


64,000 


7,200,000 


19,200 


450,000 


42,000 





4 


68,000 


6,800,000 


9,100 


260,000 


44,500 





5 


19,400 


5,600,000 


3,200 


180,000 


37,600 





6 


14,200 


4,500,000 


1,400 


124,000 


41,000 





7 


8,200 


4,100,000 


640 


98,000 


39,000 





8 


4,750 


2,900,000 


220 


63,000 


40,200 





9 


2,260 


1,800,000 


112 


48,000 


41,000 





10 


1,520 


2,800,000 


62 


45,000 







12 


1,140 


1,340,000 


10 


47,500 


47,500 





12 


1,250 


1,420,000 





47,000 


41,000 





13 


1,060 


1,500,000 





36,000 


37,000 





14 


1,110 


1,380,000 





43,500 


41,000 





15 


1,260 


1,220,000 





25,600 


40,000 





16 


2,100 


970,000 





44,200 


42,000 






Experiment 4. — Two cubic centimeters of a 36-hour litmus-milk culture of a 
strain of streptococcus isolated from man were injected into a normal quarter 
of the udder of a healthy cow after it had been milked dry. (This organism 
had been isolated by Dr. D. J. Davis from the peritoneal exudate of a fatal 
case of acute streptococcal peritonitis following an attack of septic sore throat 
during the Chicago milk epidemic in 1912.) On the following day the udder 
was tender and hot but there was no evidence of caking. The milk was thicker 
than normal; the leukocytes numbered 872,000, and the streptococci 330 to the 
cubic centimeter. On the 2nd day this quarter of the udder was hot, somewhat 
reddened, tender, and caked in the lower portion. Three days after inoculation, 
the udder was caked and the milk gargety. The leukocytes numbered 6,430,000, 
and the bacteria 1,210 to the cubic centimeter. The acute inflammation per- 
sisted for about 30 days, after which the quarter began to decrease slowly in 
size. At the last observation, however, 146 days after inoculation, the milk 
was still gargety and contained large numbers of hemolytic streptococci. The 
character of the milk and the number of leukocytes and of bacteria remained 
practically unchanged during the sub-acute stage of the infection. The general 
condition of the cow was at no time affected. Table 4 shows the observations 
made on the milk at different times during the infection. 

TABLE 4 
The Number of Leukocytes and of Streptococci in the Milk Examined in Experiment 4 



Number 


Number 


Number 


Number 


Number 


Number 


of Days 


of 


of 


of Dayd 


of 


of 


After 


Streptococci 


Leukocytes 


After 


Streptococci 


Leukocytes 


Injection 


per c.c. 


per c.c. 


Injection 


per c.c. 


per c.c. 








41,000 


61 


10,000 


6,100.000 


1 


330 


872,000 


73 


12,200 


8,800,000 


2 


860 


3,640,000 


88 


10,600 


2,300,000 


3 


1,210 


6.430.0CO 


100 


6,000 


7,200.000 


6 


3,800 


16,300,000 


108 


7,800 


5,700,000 


10 


10,300 


18,200,000 


119 


13,000 


8,200.000 


16 


16,100 


14,210,000 


126 


6,800 


8,700.000 


26 


11,100 


9,500.000 


136 


4,700 


3,600,000 


47 


7,300 


6,800,000 


146 


9,700 


2,800,000 
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Experiment 5. — In this experiment a nonpathogenic hemolytic streptococcus 
from milk was used. Two cubic centimeters of a 36-hour litmus-milk culture 
were injected into a normal quarter of a cow's udder after it had been milked 
dry. Twenty-four hours later this quarter was distended and tender. The milk 
was purulent, the leukocytes on the second day numbering 6,200,000 and the 
streptococci 37,000 to the cubic centimeter of milk. After this the condition 
of the milk rapidly improved, the number of leukocytes reaching normal on 
the 10th day. On the 16th day the streptococci had entirely disappeared. At 
no time during the experiment were there any signs of caking or lymphaden- 
opathy, and the milk was gargety only for a period of 4 days. The numbers of 
leukocytes and of bacteria to the cubic centimeter of milk at different times 
during the infection are given in Table 5. 

TABLE 5 
The Number of Leukocytes and of Streptococci in the Milk from the Mastitis Pro- 
duced ik Experiment 5 





Number 


Number 




Number 


Number 


Day ol 


of 


ot 


Day of 


of 


of 


Injection 


Streptococci 


Leukocytes 


Injection 


Streptococci 


Leukocytes 




per c.c. 


per c.c. 




per c.c. 


per c.c. 





o 


32,000 


8 


3,100 


93,000 








32,000 


9 


2,600 


69,000 


1 


8,100 


4,800,000 


10 


2,920 


43,000 


2 


37,000 


6,200,000 


11 


310 


37,000 


3 


17,000 


4,200,000 


12 


480 


39,100 


i 


24,000 


2,900,000 


13 


170 


34,000 


K 


13,200 


870,000 


14 


62 


36,500 


6 


9,700 


122,000 


15 





42,000 


7 


4,600 


89,000 


16 





37,500 



In these experiments a definite inflammatory reaction was produced 
in the udders of the cows by the injection of cultures of 4 different 
types of streptococci. In Experiment 1 the organism used was isolated 
from bovine mastitis and conformed generally in cultural and morpho- 
logic characteristics with what is described by Davis, 5 Smith, 2 and 
others, as the human type of the hemolytic streptococcus. When a 
culture of this organism was injected into the milk ducts of a cow a 
very severe garget resulted, which persisted in a chronic atrophic form 
up to the last observation, 215 days after inoculation. In two instances 
(Experiments 2 and 3) cultures of Streptococcus lacticus were intro- 
duced into the udder and an acute inflammatory condition of the milk 
ducts followed. This inflammatory reaction rapidly subsided, however, 
leaving the udder unchanged. The output of milk before and after 
the infection was approximately the same. As a control for these 
experiments sterile litmus milk was injected into one quarter of the 
udder with no evidences of any consequent inflammatory change. In 
Experiment 4 a strain of a hemolytic streptococcus isolated from the 
peritoneal cavity in a fatal case of acute tonsillitis was used. The 
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injection of 2 c.c. of a 24-hour litmus-milk culture of this organism 
produced a severe udder infection similar to that in Experiment 1. 
The quarter was hard and caked and the milk gargety. The amount 
of milk obtainable from the infected quarter was greater than in 
Experiment 1. In other words, the function of the gland was not 
so markedly altered. Following the acute stage of the infection the 
gland began to decrease in size until the last observation, 146 days after 
injection, when only from 30 to 50 c.c. of purulent milk could be 
obtained from this quarter daily. In another instance an acute inflam- 
mation of the milk ducts was produced by the injection of a litmus- 
milk culture of a nonpathogenic hemolytic streptococcus of the milk 
type (Experiment 5). This organism, which had been isolated from 
normal milk by Dr. Davis, corresponded in every detail with what he 
describes as the milk type of hemolytic streptococcus. 6 The infection, 
which was of short duration, was evidenced by an increase in the num- 
ber of leukocytes and of streptococci in the milk, without signs of cak- 
ing. The udder was normal after the infection had subsided. The clin- 
ical picture of this mastitis was similar in every detail to that observed 
when nonhemolytic Streptococcus lacticus was used. On the basis of 
the observations of Davis, 5 Smith, 2 and others, it seems reasonable to 
assume that this nonpathogenic hemolytic streptococcus was of bovine 
origin. So mastitis has been produced in 6 instances by the use of 
streptococci both of human and of bovine origin, and the human types 
of streptococci found uniformly more virulent for the cow than the 
streptococci derived from bovine sources. It is interesting to note in 
connection with these observations that the quarters of the udder are 
entirely separate; one or more quarters may be infected while the 
others remain normal. Again, in all the infections bacteriologic exami- 
nation of the milk usually yielded pure cultures of the invading 
organism. 

Another important factor in streptococcal infections of the udder 
emphasized by these experiments is the length of time that the organ- 
isms may be found in the milk. Zschokke 7 found that bovine strepto- 
cocci could be isolated from the milk of a cow 6 months after infection. 
Savage 8 found human streptococci in the milk of goats 219 days after 
their injection into the udder. 

Similar results were obtained in this work when streptococci 
with characteristics of the human types were used and at the last 
observation there were no evidences that any of these experimental 

6 Jour. Infect. Dis., 1916, 19, p. 236. 

7 Schweiz. Arch. I. Tierheilk., 1897. 
s Milk and Public Health, 1912. 
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infections were subsiding. The three infections were, at the writing 
of this report, respectively 215, 186, and 146 days old. 

Different types of streptococci of human origin may cause mastitis 
if they gain entrance into the milk ducts. Furthermore, this mastitis 
may be so severe that the clinical picture simulates that of garget, and it 
may continue over so long a time that an atrophy of the mammary 
gland will result. The strain of Streptococcus lacticus and the hemo- 
lytic milk streptococcus used in these experiments may give rise to a 
definite acute inflammatory change in the milk ducts of a very transi- 
tory nature. The conclusion of Davis, 5 Smith, 2 and others, that viru- 
lent streptococci may be found in the milk ducts without any apprecia- 
ble signs of inflammation externally, also seems to be firmly established 
by the following observations. One of the cows obtained for this 
experimental work was pronounced in perfect health by a competent 
veterinarian. Examination of the udder revealed no signs of inflam- 
mation or abrasions of the teats. The milk was normal upon inspection 
but in one quarter of the udder, examination for leukocytes and bac- 
teria revealed signs of infection. There was a leukocytosis (from 150,- 
000 to 200,000 to the cubic centimeter), and blood-agar-plate cultures 
made from the milk contained numerous hemolytic streptococci. The 
udder, the milk, and the general condition of the cow were apparently 
normal and these conditions did not change throughout the period of 
observation, lasting 2 months. The streptococci were arranged in 
pairs and short chains, nonencapsulated and gram-positive. They grew 
as small, translucent, slightly moist, grayish-white colonies on blood- 
agar plates with a clear transparent hemolytic zone from 2 to 4 mm. 
in diameter ; produced a slight precipitate in ascites-dextrose broth, and 
fermented dextrose, lactose, saccharose, maltose, and salicin. They 
produced arthritis in rabbits in doses of one blood-agar-slant culture. 
The other quarters of the udder were normal in every respect — the 
milk free from hemolytic streptococci and the leukocytes varying 
between 20,000 and 40,000 to the cubic centimeter. From the descrip- 
tion of this organism it would be considered as belonging to the human 
streptococcal group. 

In these experimental infections the milk was markedly purulent 
and stained smears showed that phagocytosis of the invading organ- 
isms was much the more marked in the infections caused by nonpatho- 
genic milk types of streptococci. In those caused by the hemolytic 
streptococci derived from human sources there was no appreciable 
phagocytosis, altho the streptococci were numerous in the stained 
preparations. 
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OBSERVATIONS ON THE MORPHOLOGY AND CULTURAL CHARACTERISTICS 

OF DIFFERENT TYPES OF STREPTOCOCCI DURING THE COURSE 

OF MASTITIS IN COWS 

Streptococci derived from human sources during epidemics of 
septic sore throat are somewhat variable in their morphology and cul- 
tural characteristics. Such organisms are also in most instances highly 
virulent for rabbits, a characteristic which distinguishes them from 
strains of hemolytic streptococci associated with bovine mastitis. There 
is no convincing evidence that streptococci from bovine sources are the 
causative factors in epidemic tonsillitis, but the possibility that these 
organisms may acquire the morphologic, cultural, and pathogenic char- 
acteristics of the human streptococcal types cannot be denied. 

TABLE 6 
Observations on the Morphology and Cultural Characteristics of the Bovine Strepto- 
cocci Isolated from the Mastitis Produced April 29, 1915 * 



Day 
of 

Mas- 
titis 



Colonies on 
Blood Agar 



Arrangement and 
Shape 



Cap- 
sule 



Hemolysis 

(Diameter 

of Zone, 

mm.) 





27 

36 

47 

69 

81 

92 

106 

124 

127 

136 

148 

157 

169 

177 

188 

195 

205 

215 



Small, gray, dry 

Small, round flat, gray, dry. 
Small, dry, slightly elevated, 



Small, dry, and gray.. 



Pairs and short chains slightly oblong 
Pairs slightly oblong 



Pairs.. 



Pairs and short chains.. 



Frag- 
ment 



4-6 
4-6 

4 
4-6 

4 

4-6 

6-8 

8-10? 

6-8 

8 
6-8 
4-6 
3-5 
3-6 
3-4 
3-4 
3-4 
3-4 
3-4 



* The table of observations for the same organism from the mastitis produced May 26, 

Rosenow" has been able to modify the common Streptococcus pyogenes by 
growing it in unheated cow's milk. According to his results, in this medium 
these streptococci acquired all the cultural and morphologic characteristics of 
the encapsulated organisms commonly associated with septic sore throat. These 
modifications were accentuated by animal passage, but after prolonged culti- 
vation on common artificial media they were lost. 

In view of these observations the relation of different types of 
streptococci to the udder as regards virulence, growth, and ability to 
become modified therein, becomes a very important problem in the 
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study of the etiology of epidemic tonsillitis. For the study of this 
phase of the problem the hemolytic streptococci isolated at frequent 
intervals from the different udder infections here described were care- 
fully studied morphologically and culturally, with results as recorded 
in Tables 6 and 7. 

The streptococcus used in Experiment 1 grew on human-blood-agar plates 
in small dry gray colonies with a sharply defined zone of hemolysis from 4 to 6 
mm. in diameter. The organisms were small, gram-positive, slightly oblong, 
and they occurred in pairs and short chains. There was usually a suggestion 
of a small narrow capsule around each of them. They acidified and coagu- 
lated litmus milk and fermented dextrose, saccharose, lactose, maltose, and 
salicin. They were killed by an exposure to 130 F. for 30 minutes. Doses of 
one common blood-agar-slant culture produced multiple arthritis and death in 
rabbits in from 3 to S days. 

TABLE 6 — Continued 
Observations on the Morphology and Cultural Characteristics of the Bovine Strepto- 
cocci Isolated from the Mastitis Produced April 29, 1915 * 



Oram 
Stain 


flrowth 

in 

Litmus 

Milk 


flrowth 

in 
Plain 
Broth 


Thermal 
Death 
Point 


Sugars 


Dex- 
trose 


Saccha- 
rose 


Lac- 
tose 


Mal- 
tose 


Inn- 
lin 


Sali- 
cin 


Baffl- 
nose 


Man- 
nite 




Acid 
and 
Coag. 




130 P. 














■ _ 




■ + 


Acid 


■ + 


180 P. 


■ + 


+ 


+ 


+ 




+ 


+ 

+ 
j 





1915, is not included in this paper as the findings were identical with those shown in Table 5 

At the last observation this streptococcus was still growing in the infected 
udder after 215 days and no appreciable change in any of its characteristics 
had been noted, save a slight increase in capsular substance and a slight varia- 
tion in the hemolytic power. After the onset of the mastitis the organisms in 
the infected milk were surrounded by well-defined capsules. The capsules 
were further developed by passing the organisms through rabbits, but when the 
organisms were transferred to artificial media the capsules disappeared. The 
cultural characteristics, save some variation in the hemolytic power, did not 
change. 

During the course of this infection a second organism appeared suddenly. 
On the 136th day of the infection the blood-agar-plate cultures revealed the 
presence of a green-producing nonhemolytic streptococcus. The colonies were 
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very small, white, somewhat moist, and surrounded by a marked green halo. 
The organisms were medium-sized round and oval micrococci arranged in pairs 
and chains. They showed no capsules. They grew very slowly on blood agar, 
produced a homogeneous clouding in ascites-dextrose broth, and seemed to 
grow more luxuriantly under partial anaerobic conditions. They showed no 
growth in plain broth, acidified but did not coagulate litmus milk, and fermented 
dextrose, saccharose, lactose, maltose, salicin, and inulin. The organism was 
fatal for rabbits only in doses as large as the amount of sediment from 15 c.c. 
of an ascite-dextrose-broth culture. These streptococci gradually decreased in 
number until they disappeared from the milk on the 157th day of the infection. 
In a normal quarter of the udder used as a control for these studies a similar 
occurrence was twice noted. During the routine examination of the milk an 
avirulent green-producing streptococcus would appear in the cultures, to disappear 
a few days later. From this observation on normal milk, as well as from the 
cultural characteristics — low virulence and rapid disappearance — it seems prob- 
able that this avirulent streptococcus was a contamination that had gained 
entrance to the milk ducts through the teat. 

The human type of streptococcus (Table 7) used in Experiment 4 differed 
somewhat from the organism used in Experiment 1, The colonies on blood- 
agar plates were large, moist, grayish-white, and spreading, often on the sur- 
face almost covering the clear hemolytic areas around them. The organisms 
were gram-positive, arranged in pairs and short chains, small, and each sur- 
rounded by a well-defined capsule. They acidified and coagulated litmus milk 
and fermented dextrose, saccharose, maltose, lactose, and salicin. They were 
killed by 30 minutes' exposure to 125 F. In doses of 1 blood-agar-slant culture 
they were fatal for rabbits, producing suppurative arthritis. During a period 
of 146 days in the infected udder there was no noteworthy change in the mor- 
phology or cultural characteristics of this organism. In the two infections the 
virulence of the organisms was increased slightly by growth in the infected 
udders. Small amounts of the cultures, injected into rabbits, produced arthritis 
constantly, and occasionally changes in the kidneys and myocardium. 

Bacteria growing in the infected udder of a cow are subjected to 
life processes which tend to destroy them, and under such conditions 
variations in minor cultural or morphologic characters might be 
expected. Changed reaction of the media, the presence of numerous 
polymorphonuclear leukocytes, the immediate products of their disin- 
tegration, and other influences represented by inflammatory processes, 
are all factors which might affect the growth and morphology of bac- 
teria. But in these observations no definite changes were noted in the 
growth or morphology of the different types of streptococci causing the 
udder infections. Organisms virulent for man seem to possess many 
morphologic and cultural characteristics which are recognized only 
when the bacteria are cultivated under certain environmental condi- 
tions. Capsule-formation and hemolysis are characters which almost 
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all types of streptococci seem to possess, but only under certain environ- 
mental influences can they be clearly demonstrated. Thus, as Rosenow 
and many others have observed, the ordinary Streptococcus pyogenes 
may develop a capsule on passage through animals, but on continued 
growth on artificial media this capsule disappears. In other words 
capsule-formation in the Streptococcus-pyogenes type might be con- 
sidered a true characteristic but a variable one. Likewise, virulent 
green-producing streptococci seem to possess hemolytic power to a 
limited degree, which can be developed by prolonged cultivation on 
artificial media. Neither of these characteristics, however, in some 
types of streptococci can be made to disappear by varying of environ- 
mental conditions. Such organisms may be looked upon as definite 
types in respect to these persistent characters. The streptococcus used 
in Experiment 4 has been grown on artificial media since 1912, and has 
retained its capsule and mucoid growth, two characteristics which 
may be considered as fixed to a certain degree. The streptococcus used 
in Experiment 1, on the other hand, develops a capsule only under cer- 
tain conditions, and it seems logical to consider this modification as a 
variation rather than a transformation into the type of streptococcus 
used in Experiment 4. Whether or not such variable characters in 
virulent streptococci can be made permanent remains to be demon- 
strated. It is most important in any study of bacteria isolated from 
infections in man to appreciate the wide variability which may be found 
in the morphology and cultural characteristics of these virulent organ- 
isms. 

During the course of this work two udder infections produced by 
the injection of cultures of nonpathogenic Streptococcus lacticus were 
studied. This organism showed no changes in morphology or cultural 
characteristics throughout the course of these infections. The colonies 
on blood-agar plates were small, round, grayish-white, and surrounded 
by a green halo. Microscopic examination of the blood agar beneath 
and immediately around the colonies revealed disintegration of the 
erythrocytes. Where the blood agar was very thin there was some 
hemolysis, characterized by a narrow hazy zone around the colonies, 
such as is commonly observed in pneumococcus cultures. The green- 
production on blood agar is probably associated with a minute degree 
of hemolysis. This point has been emphasized because it might explain 
the observation made by Heinemann that green-producing streptococci 
of the lacticus type may become slightly hemolytic under certain 
environmental influences. 
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SUMMARY 

Hemolytic streptococci of human origin produce mastitis in cows, 
as Davis and Capps 1 have shown, when injected directly into the milk 
ducts. This mastitis may be severe, leading to a caked bag and later 
to a chronic inflammatory condition which results in an atrophy of the 
mammary gland. On the other hand, virulent hemolytic streptococci 
may grow and multiply in the milk ducts of a cow without causing any 
visible changes in the udder. The milk, however, as these observations 
show, contains hemolytic streptococci and an increased number of leu- 

TABLE 7 

Observations on the Morphology and Cultural Characteristics of the Human Type of 

Hemolytic Streptococcus from the Mastitis Produced July 11, 1915 



Day 
of 
Mas- 
titis 


Colonies on 
Blood Agar Plates 


Arrangement and 
Shape 


Cap- 
sule 


Hemolysis 

(Diameter 

of Zone, 

mm.) 



6 


Small, gray, moist, and spreading... 


Diplococci and sbort chains. . . 


+ 


2-4 
3-6 


26 




Diplococci and short chains. . . 


1-3 


47 




2-4 


61 




1-3 


73 

88 




1-3 
1-3 


100 




1-3 


108 




2-5 


119 




Diplococci and long chains 


2-5 


126 




2-5 


136 
146 




2-4 

2-4 









kocytes. These infections may persist over long periods of time in the 
form of a chronic mastitis. 

Streptococcus lacticus of the type used in these experiments pro- 
duces a very acute inflammation of the udder when cultures are 
injected directly into the milk ducts. This infection in my experiments 
was of short duration and left the gland functionally unchanged. 

A nonpathogenic hemolytic streptococcus of the type commonly 
found in normal milk may give rise to a transitory inflammation of the 
udder when injected directly into the milk ducts, producing a mastitis 
similar in every detail to that produced by nonhemolytic Streptococcus 
lacticus. 

The presence of pathogenic streptococci and an increased number 
of leukocytes in milk is indicative of a mastitis, and may be the sole 
indication of mastitis. 
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The quarters of a cow's udder under experimental conditions are 
apparently separate as regards infection. One quarter may be infected, 
while the others remain normal. Examination of the milk from 
each quarter of the udder is necessary before mastitis can be excluded 
in a suspected cow. 

In 3 instances of bovine mastitis, all of which were due to hemolytic 
streptococci with all the characteristics of the human types, no note- 
worthy changes in the morphology or cultural characteristics of the 
invading organisms were observed in frequent examinations of the 
milk throughout the course of the infections. The distinguishing char- 

TABLE 7 — Continued 

Observations on the Morphology and Cultural Characteristics of the Human Type of 

Hemolytic Streptococcus from the Mastitis Produced July 11, 1915 



Gram 
Stain 


Growth 

in 

Litmus 

Milk 


Growth 

in 

Plain 

Broth 


Thermal 
Death 
Point 


Carbohydrates 


Dex- 
trose 


Saccha- 
rose 


Lac- 
tose 


Mal- 
tose 


Inu- 
lin 


Sali- 
cin 


Ram- 
nose 


Man- 
nite 


+ 


Acid 
and 
Coag- 
ulated 


+ 


125 P. 
120 F. 


■ + 


+ 


+ 


+ 


- 


+ 


- 


- 



acteristics primarily noted for each organism were still present at the 
last observation, and there were no modifications which might be con- 
sidered as indicating a change from one type to the other. 

The cultural and morphologic characters of Streptococcus lacticus 
and of the hemolytic streptococcus derived from normal milk did not 
change during the course of the udder infections which they induced. 



